Abstract: Pacing strategy has been investigated in elite 100 km and elite 161 km (100 mile) ultra-marathoners, but not in age group ultra-marathoners. This study investigated changes in running speed over segments in male elite and age group 100 km ultra-marathoners with the assumption that running speed would decrease over segments with increasing age of the athlete. Running speed during segments in male elite and age group finishers for 5-year age groups (ie, 18-24 to 65-69 years) in the 100 km Lauf Biel in Switzerland was investigated during the 2000-2009 period. Average running speed over segment time station (TS) TS1-TS2 (56.1 km) was compared with running speed Start-TS1 (38 km) and Start-TS3 (76.7 km) and running speed TS2-TS3 was compared with running speed Start-Finish. For the top ten athletes in each edition, running speed decreased from 2000 to 2009 for TS1-TS2 and TS2-TS3 (P,0.0001) but not in TS3-Finish (P.0.05). During TS1-TS2, athletes were running at 98.0%±2.1% of the running speed of Start-TS1. In TS2-TS3, they were running at 94.6%±3.4% of the running speed of TS1-TS2. In TS3-Finish, they were running at 95.5%±3.8% of running speed in TS2-TS3. For age group athletes, running speed decreased in TS1-TS2 and TS2-TS3. In TS3-Finish, running speed remained unchanged with the exception of the age group 40-44 years for which running speed increased. Running speed showed the largest decrease in the age group 18-24 years. To summarize, the top ten athletes in each edition maintained their running speed in the last segment (TS3-Finish) although running speed decreased over the first two segments (TS1-TS2 and TS2-TS3). The best pacers were athletes in the age group 40-44 years, who were able to achieve negative pacing in the last segment (TS3-Finish) of the race. The negative pacing in the last segment (TS3-Finish) was likely due to environmental conditions, such as early dawn and the flat circuit in segment TS3-Finish of the race.
Introduction
Ultra-marathon running involves any running race distance longer than the classical marathon distance of 42.195 km. 1 Among the different ultra-marathon race distances, the 100 km distance is highly popular, where the number of female and male finishers has increased exponentially in the last 50 years. 2 The age 3 and origin 2 of the fastest 100 km ultra-marathoners are known. For elite 100 km ultra-marathoners, the pacing strategy has also been investigated. 4 The faster runners started at a faster running speed, maintained their starting speed for ∼50 km before slowing down, and finished the race within a ∼15% decrease of their starting speed. 4 In contrast, slower runners showed a greater percent decrease in running speed and were unable to maintain their initial pace for as long. 4 Apart from elite 100 km 
72
Knechtle et al ultra-marathoners, the pacing strategy has recently been investigated for elite 161 km (100 mile) ultra-marathoners. 5 Winners in 161 km ultra-marathons remained relatively close behind the leading runners at the beginning of the race before taking the lead in the middle half of the race, and then avoided slowing down as much as the other top runners in the later stages of the race. 5 Age seems to be an important predictor variable in running performance in both marathoners 6 and ultramarathoners. 7, 8 In marathoners, older, female, and faster runners were better pacers than younger, male, and slower runners. 6 In 100 km ultra-marathoners, however, the contribution of age to the pacing strategy is not known. In male 100 km ultra-marathoners, variables of anthropometry, training, and pre-race experience were related to 100 km race time. 7 Running speed during training sessions, mean weekly running kilometers during training, and age were the best predictors for 100 km race time. 7 In male 100 km ultra-marathoners, running performance was best at the age of ∼35 years 3 and decreased after the age of ∼45 years. 9 With increasing age, there is a decrease in performancerelated characteristics such as maximum oxygen uptake and muscle strength, 10 which might lead to reduced endurance performance. However, increasing age might also be of benefit, especially in ultra-marathon running. It has been shown in time-limited races from 6 hours to 10 days that ultra-marathoners improved their performance with increasing number of finishes and the age of peak ultra-marathon performance increased with increasing number of finishes.
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Since running speed decreases with increasing age in 100 km ultra-marathon running, 9 we may assume that older runners (ie, those older than ∼35-45 years) will slow down more rapidly during a 100 km ultra-marathon than younger runners (ie, younger than ∼35-45 years). Therefore, we set out to describe pacing strategies in athletes of differing age groups completing the same ultra-marathon event. The aim of the present study was to investigate running speed over segments in male elite and age group 100 km ultra-marathoners competing in the 100 km Lauf Biel held in Switzerland, 12 with the assumption that running speed would decrease at a faster rate over segments (ie, positive pacing) 13 with increasing age.
Materials and methods ethics
This study was approved by the institutional review board of St Gallen, Switzerland, with a waiver of the requirement for informed consent given that the study involved analysis of publicly available data.
The race
The 100 km Lauf Biel, held in Biel, Switzerland, is one of the most traditional and largest 100 km ultra-marathons held in Europe. 12 The race takes place annually during the night of the first weekend in June, with all runners starting at 10 pm. The race is held as one large loop of 100 km with a total change in altitude of ∼645 m (Figure 1 ). The fastest finishers complete the race within ∼7 hours and arrive early in the morning at around sunrise on the following day. The organizer offers 17 aid stations, with an abundance of food and beverages, including hypotonic sports drinks, tea, soup, caffeinated drinks, water, bananas, oranges, energy bars, and bread. 12 The athletes are allowed to be supported by a cyclist for additional food and clothing.
12

Data sampling and data analysis
The dataset for this study was obtained from the official race website.
12 Split times at three time stations (TS) TS1 "Oberramsern" (38 km), TS2 "Kirchberg" (56.1 km), and TS3 "Bibern" (76.7 km) were taken identically during the 2000-2009 period by using an electronic chip system. Each athlete received an electronic chip within their race number, provided by the official timing company Datasport (http://www. datasport.com). Since 1999, split and overall race times have been recorded by Datasport in the same manner. In earlier years (ie, before 2000) and later years (ie, after 2009), split times 
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Pacing in male elite and age group ultra-marathoners were taken differently. Upon passing a TS and at the end of the race, the split and overall race time was recorded electronically. We used split times and distances between the different TS and between TS and both start and finish, calculating running speed between the different TS and between the TS and both start and finish. Very few women competed in this race, so we had to limit our analysis to male competitors. For each edition, we extracted the annual ten fastest men overall and the annual ten fastest male age group finishers ranked in 5- 
Statistical analysis
The performance of the top ten athletes in each edition was tested for a linear change in performance (ie, running speed) using linear regression analysis. To test whether athletes became slower during the race, relative average running speed over segment TS1-TS2 (ie, expressed as percent running speed at TS1) was compared with relative average running speed over segment Start-TS1 (defined as 100%).
The relative average running speed over segment TS2-TS3 was compared with relative average running speed over segment TS3-Finish. This was done using repeated measures one-way analysis of variance with Greenhouse-Geisser correction and Sidak's multiple comparison tests, with individual variances calculated for each comparison. Since relative average running speeds over segments tended to be skewed, data were arcsine transformed before analysis using the formula arcsine ([relative speed]) = sin -1 (square root ([relative speed]/100)). To test whether changes in altitude (calculated as the difference between two consecutive TS) during the course of the race had an effect on relative average running speed over segments, we used a mixed-effects regression model with relative average running speed over segments and change in altitude as fixed variables. We performed one model (model 1) for running speed over segments for editions and age groups, and a second model (model 2) again for running speed over segments for editions and age groups but with the inclusion of changes in altitudes between the different TS. The effect of change in altitude on running speed was estimated using means of the Akaike information criterion (AIC). The altitude of TS were determined using altitude information at positions of TS in Google Earth (version 7.1.2.2041, build 10/7/2013) and the altitude profile of the race course. 14 The analysis of the annual top ten men for each age group was similarly performed like the analysis of the annual ten fastest men. Since athletes in the age group 18-24 years showed the steepest decline in running speed over segments, the relative average running speed over segments for athletes ranked in this age group was compared with the relative average running speed over segments for athletes in all other age groups using one-way analysis of variance with Dunnett's multiple comparison post hoc tests with single pooled variance. To estimate the effect sizes of significant results, we calculated Cohen's d using means and standard deviations. Statistical analyses were performed using IBM Statistical Package for the Social Sciences version 22 (IBM SPSS, Chicago, IL, USA) and GraphPad Prism version 6.01 (GraphPad Software, La Jolla, CA, USA). Significance was accepted at P,0.05 (two-tailed for t-tests). Significant results were further separated into P,0.05, P,0.01, and P,0.0001. Data in the text and figures are shown as the mean ± standard deviation.
Results
Top ten athletes in each edition
Relative average running speed over segments for the top ten athletes in each edition decreased (r Figure 4 ). Over segment TS1-TS2, the athletes were running at 98.0%±2.1% of their running speed for segment Start-TS1. Over segment T2-TS3, they were running at 94.6%±3.4% of their running speed for segment TS1-TS2. Over segment TS3-Finish, they were running at 95.5%±3.8% of their running speed over segment TS2-TS3.
Age group finishers
For all age group athletes, running speed decreased over segment TS1-TS2 and over segment TS2-TS3 (Table 1) . However, over segment TS3-Finish, running speed remained, unchanged with the exception of the age group 40-44 years, where running speed increased. Running speed showed the greatest decrease 
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Knechtle et al in athletes in the age group 18-24 years ( Figure 5 ). Running speed for athletes in the age group 18-24 years was different from that of all other age group athletes, with the exception of athletes in the age group 60-64 years at TS2 and TS3.
Influence of changes in altitude on performance
Running speed decreased in the top ten athletes across editions (Table 2 , model 1). However, when altitude was included in the model (Table 2 , model 2), running speed did not decrease in 2006 and 2009. When the ten fastest runners in each age group were considered (Table 3) , running speed decreased over segments (Table 3 , model 1); changes in altitude had no influence on performance (Table 3 , model 2), even when all age group athletes were considered.
Discussion
This study investigated changes in running speed over segments in a single 100 km ultra-marathon for both elite and age group athletes, and it was hypothesized that running speed would decrease more rapidly over segments in older age group athletes than in their younger counterparts. The most important findings were: the top ten athletes became slower across editions: running speed decreased over segments in the top ten athletes in each edition in TS1-TS2 and TS2-TS3, but remained unchanged over segment TS3-Finish; and runners in the age group 18-24 years showed the greatest decrease in running speed over the different race segments.
Top ten athletes in each edition
Mean top ten running speed in each edition decreased over segments during the 2000-2009 period. However, this result is very surprising given that the worldwide trend is an improvement in performance (ie, increase in running speed) across calendar years in 100 km ultra-marathoners. 3 Cejka et al recently investigated the running speed of the annual fastest women and men competing in all 100 km ultra-marathons held worldwide between 1960 and 2012. 3 Running speed increased very significantly from 10.23±1.22 km/hour to 15.05±0.29 km/hour for the annual ten fastest men and from 7.18±1.54 km/hour to 13.03±0.18 km/hour for the annual ten fastest women. 3 Potential differences between the 100 km Lauf Biel and the worldwide trend in 100 km ultra-marathons could be changes in environmental conditions across years and changes in participation trends, both of which might influence performance in ultra-marathoners.
Indeed, the 100 km Lauf Biel might be different to the general trend worldwide.
12 A study investigating participation and performance trends in the 100 km Lauf Biel from 1998 to 2010 showed that the mean age of the annual top ten finishers increased annually by 0.4 years for both women and men. 9 The 100 km race times for the annual top ten finishers remained stable for women, but significantly increased annually by 2.4 minutes for men. 9 We might assume that elite 100 km ultra-marathoners do not compete in the 100 km Lauf Biel, given that the best 100 km ultra-marathoners originate from Japan. 2 Alternatively, the best ultra-marathoners 
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Pacing in male elite and age group ultra-marathoners might be seeking other or longer running challenges, such as 161 km ultra-marathons, 15 Badwater, 16, 17 Spartathlon, 16, 17 and Marathon des Sables, 18, 19 or longer ultra-marathon races up to 1,000 km, 20 3,100 miles, 21 or 10 days.
11
When running speed over segments was analyzed by edition for the ten fastest finishers, some athletes were able to achieve a negative or even pacing over segment TS1-TS2, but pacing was positive over segment TS2-TS3 in all editions. Over segment TS3- -TS1  TS1-TS2  TS2-TS3  TS3-Finish   Start-TS1  TS1-TS2  TS2-TS3  TS3 Hanley recently showed that gold medalists competing in the world cross country championships were faster than the other medalists only in the final lap, 22 and concluded that athletes taking a patient approach in the early stages of the race would have the benefit of a faster finish. 22 When 20 km and 50 km race walkers competing in the International Association of Athletics Federations (IAAF) world championships were compared, the fastest finishers started the slowest relative to their previous best performance and lower-placed finishers tended to decrease speed earlier during the race. 23 However, the overall goal is to complete the race as fast as possible; therefore, the optimal starting speed is the one that allows this to occur. Leading athletes probably achieve higher finishing speeds because they have more physiological reserve as the race enters the final stages. When we look at the different editions (Figure 3 Psychological reasons for decision-making in pacing strategy should also be considered. [24] [25] [26] The performance level of the athletes seems to be the most important factor. Renfree and St Clair Gibson investigated the influence of different performance standards on pacing strategy in elite female marathoners competing in the IAAF Women's Marathon Championship in 2009. 24 Athletes finishing in the first quartile of all finishers ran the first two 5 km segments at a relatively slower speed than athletes in the second to fourth quartiles of all finishers, but at a relatively higher speed after 35 km. 24 These authors concluded that psychological factors influenced decision-making in a major competitive event. 24 Similarly, top runners in the New York City Marathon tried to maintain an even pacing profile by avoiding an excessively fast start, which might result in a decrease in running speed in the second half of the race. 25 Esteve-Lanao et al investigated the pacing strategy in athletes competing in the World Cross Country Championships between 2007 and 2013. 26 They showed that the top ten finishers displayed more even pacing compared with the other finishers, who showed more positive pacing. 26 Another explanation for the even pacing over the last segment (TS3-Finish) could be the environmental conditions (ie, the flat circuit in the last segment of the race). 13 Abbiss and Laursen reported that a constant pace is "optimal" for prolonged events such as running, swimming, rowing, skiing, speed skating, and cycling under stable external (ie, environmental and geographic) conditions. 13 These aspects (ie, dawn and a flat course over the last segment of the race) might explain why some athletes were able to achieve negative or even pacing in the last segment of the race.
Age group finishers
When the ten fastest finishers for each age group were considered, running speed decreased over segments TS1-TS2 
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Pacing in male elite and age group ultra-marathoners and TS2-TS3 in all age groups. However, over segment TS3-Finish, running speed remained unchanged, with the exception of the age group 40-44 years, in which running speed increased. The greatest decrease in running speed was found for athletes in the age group 18-24 years. The finding that athletes in the age group 40-44 years were able to achieve negative pacing over segment TS3-Finish is not surprising. A potential explanation could be age itself. The fastest race times in 100 km ultra-marathons are achieved by athletes under the age of ∼40 years. 3 Cejka et al investigated changes in 100 km ultra-marathon running performance and age of peak running performance for 100 km ultra-marathoners competing worldwide between 1960 and 2012. 3 The running speed of the annual top ten athletes increased across the calendar years from 8.67 km/hour to 15.65 km/hour and the mean age of the annual top ten athletes increased during the same period from 29 to 40 years. 3 A rather surprising finding was that athletes in the age group 18-24 years showed the largest decrease in running speed over segments. Age has been reported to be a major predictor variable in 100 km ultra-marathon running, apart from running speed during training and the number of kilometers run per week. 7 The age group 18-24 years is not the typical age of successful ultra-marathoners. 8 
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Knechtle et al typically aged about 45 years, and male ultra-marathoners achieve their fastest race times at the age of ∼30-49 years. 3, 8 The age of peak ultra-marathon performance is also higher in the longest ultra-marathon race distances. When athletes competing in races from 6 hours to 10 days were investigated, the age of t best ultra-marathon performance increased with increasing race duration.
11
Athletes aged ∼20 years may also have too little experience in ultra-marathon running. Younger ultra-marathoners have not finished as many ultra-marathons as their older counterparts. 8 A recent study investigating ultra-marathoners competing from 6 hours to 10 days showed that the age of peak ultra-marathon performance increased with increasing number of finishes. 11 Hoffman and Krishnan investigated the past-year and lifetime exercise patterns of 1,345 current and former ultra-marathoners. 27 The median age at the first ultra-marathon was 36 years, and the median number of years of regular running before the first ultra-marathon was 7.
27
Active ultra-marathoners had a past-year median running distance of ∼3,347 km, which was minimally related to age but mostly related to their longest ultra-marathon competition of the year. 27 A potential explanation for even or negative pacing over the last segment (TS3-Finish) could be the timing of the start of the race. Athletes start the 100 km Lauf Biel at 10 pm and have to run during darkness. The fastest runners are able to finish the 100 km within ∼7 hours and arrive at the finish line between 5 am and 5:30 am. In the beginning of June, sun rise is at ∼5:30 am, but dawn has already broken at ∼4:30 am. The fastest runners in the field might be motivated by the increasing daylight and better visibility after the dark night. Environmental factors affecting circadian rhythm include light, heat, air ionization, activity and eating patterns, and social activity. 28 It has been reported that bright light has an effect on the human circadian system, which is qualitatively different from the effect of dim light. 29 Endogenous rhythms are desynchronized when perturbed by nocturnal shift work or time zone transitions. 28 Circadian rhythmicity in athletic performance can be modulated by factors such as workload, psychological stress, motivation, differences in "morningness/eveningness", lighting, sleep disturbances, altitude, dietary constituents, sex, and age. 30 Athletes older than 50 years tend to be higher in "morningness", habitually scheduling relatively more training in the morning and selecting relatively higher work rates during exercise when compared with younger athletes. 31 A further contributing factor could be the difference in temperature between day and night. In June, the maximum temperature can rise to ∼30°C, and slower athletes may suffer in the heat during the day. Otherwise, faster athletes may profit from the lower temperatures at night.
Influence of changes in altitude on performance
We included changes in altitude in our model and found that altitude had an influence in two editions (2006 and 2009) on running speed of the top ten athletes. This seems unusual; perhaps on these occasions there were tactical factors of the leading athletes that were more important than changes in elevation per se. Change in altitude had no influence on running speed over segments when considered by age group. This result confirms the recent finding that gradient was insignificant in the world record marathon runs in 2008 and 2011. 
79
Pacing in male elite and age group ultra-marathoners limitations and implications for future research
This study is limited in that certain environmental factors, such as wind, were not taken into consideration. Another study reported that headwind was a significant contributor to variability in running speed during the world record marathon runs in 2008 and 2011. 32 The conflicting variables of experience and aging may explain why the best results were found in the middle-aged groups. Future studies may investigate whether a U-shaped curve will result from these two opposite trends. The fact that this race is over one long lap with quite substantial elevation changes does complicate things to some extent. Future studies could investigate a multi-lap event to simplify the issue of altitude changes and pacing.
Practical applications
This analysis shows that athletes in the age group 18-24 years have the largest decrease in running speed over segments. Younger athletes intending to compete in a 100 km ultramarathon should be very cautious about pacing, and are recommended to complete many shorter races in advance.
Conclusion
To summarize, in the 100 km Lauf Biel, the top ten athletes in each edition were able to maintain their running speed in the last segment of the race, although running speed decreased in the first two segments. This was likely due to environmental conditions, such as dawn and the flat circuit in the last segment. The "best" pacers were athletes in the age group 40-44 years, who were able to achieve negative pacing in the last segment of the race. The "worst" pacers were athletes in the age group 18-24 years, who had the greatest decrease in running speed across segments.
